On the basis of the perimeter model for 4/V-electron [rc]annulenes, algebraic expressions for the B values of perturbed four-membered rings (n = 4) with four ;r electrons (N = 1) have been derived. The results are used to interpret the MCD spectrum of l,3-di-fm-butyl-2,4-diethyI-1,3,2,4-diazadiboretidine.
Introduction
Michl extended the perimeter model of cyclic ^-electron systems, which was originally developed by Piatt [ 1 ] and Moffit [2] , to the interpretation of absolute signs in magnetic circular dichroism (MCD) [3] [4] [5] , A set of rules was derived by him that accounted for a large number of MCD signs in the spectra of all kinds of aromatic JTsystems, i.e. those derived from a (4/V+2)-electron perimeter.
More recently the model was also applied to 4A-electron perimeters [6] [7] [8] [9] . In the first paper of this series, perfect biradicals at their most symmetrical D" h geometries were treated. Especially interesting for the present work are the results for the 4-electron [4] annulene with D 4h symmetry.
In the following papers Michl and coworkers treated perturbed 4/V-electron [n]annulenes with N> 2 and n > 7 [7] [8] [9] . Tractable analytical expressions for the B values of these molecules could be obtained if at least a symmetry plane perpendicular to the molecular plane was present and when the number of configurations which were used to study the parent perimeter was reduced.
To interpret the MCD-spectrum of a diazadiboretidine derivative, which was recently measured by us, we derived formulas for the B values of perturbed four-membered rings. The results are rather different from those for N > 2 and n > 7 because the number of parameters is smaller. In contrast to Michl et al. we therefore needed not to reduce the number of basis functions to get tractable expressions. As is the case for the investigated molecule we assume one symmetry plane perpendicular to the molecular plane and passing through diagonally opposite atoms.
Theory
In the perimeter model the four atoms of the 4-electron [4] annulene are located on a circle ( Figure 1) .
The complex molecular orbitals of the four-membered ring are 3 zikp 1 e~x ß ,{k = 0,±1,2).
The x M are orbitals which have been constructed from nonorthogonal atomic orbitals 2p zß by an explicit Löwdin orthogonalization [3] , In contrast to the general case, the HOMO (!/j 0 ) and the LUMO (t/'±2) are not degenerate. The one electron energies are £(HO) for the HOMO, £(LO) for the LUMO and E(SO) for the SOMO. A perturbation is described in this model by five parameters h D , I D , As and the phase angle o:
'D=(V+2HV+2).
=(v+i| fl|V+i) = (V-i|fl|V ; -i).
0932-0784 / 00 / 0600-670 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com ^-e ia = (v']|Ö| V'-i)*(Aj>0,0<cr<2;r). (5) a is a one electron operator. Its matrix elements in the chosen basis are
The symmetry plane 2, which shall be present and which is perpendicular to the molecular plane, shall pass through the atoms 0 and 2 ( Figure 1 ). As is shown in [8] and [9] , the phase angle o can then only have the value JT 0 or jt (if 2! passes through bonds, o can only be ± -, as is easily seen by looking at the integral (ip +] \äl\ip +l ) and recognizing that ä and 2 commute). In the following CI calculation, two-electron repulsion integrals J JV*0) V'.vO)dt!dr 2 (7) have to be evaluated. For symmetry reasons they are nonzero only \i s -r -t -u mod 4. They are denoted by [/] , where / = min(|s -r |,4 -\s -r |) [6] . For the four-membered ring the only nonvanishing integrals are the coulombic repulsion integral [0] and the two exchange integrals [1] and [2] (for details see [6] ). Following Michl and coworkers [7] [8] [9] we will use for the perturbed systems real molecular orbitals:
The HOMO h = % and the LUMO / = ip 2 are already real. The one-electron energies of these orbitals are
(11) (12) 
With these real orbitals we form seven CI basis functions [7] [8] [9] : 
with is decisive in predicting the signs of the # values. From m ^ all the diagonal elements, E = 2/i n + 25 n + 2£(HO) (26) ground state. For the perturbed systems we will look 4 2 2 here at both cases. Table 1 gives the energies and wave A//S/, As /p -hp functions for the 3x3 block of the CI matrix. Energy" Wave function
- [2] tx--As+ [2] V'R As + [2] Wx
The order of the two lowest energies depend on whether As > 
and
In these expressions, Im stands for "imaginary part of'. The summation runs over all electronic states besides F resp. G. E K is the energy of the A'-th electronic state. M= w, is the total electric dipole moment operator and Ä = 2,-is the total magnetic dipole moment operator, where the summation is over the four ^-electrons.
The only nonvanishing matrix elements of the electric m and magnetic [i one-electron dipole moment operators in the complex MO basis are [3] 
Analytical expressions for the negative quantities m(n, \ 2k ± 11) and ji(n, k) are given in [3] , For the nonvanishing matrix elements of M and M between the CI basis functions one then gets With these transition moment integrals and the wave functions in Table 1 and 2 one can now easily evaluate the dipole strengths and B values for the different transitions from the ground state. In Table 3 these properties are given for ip G = and in Table 4 for i/> G = t/' R . The mixing angles a and ß are and a--tan" 
Results
For both cases (y.i G = and \p G = \p s s + _) the dipole strengths and therefore also the B values of transitions Table 4 ). Because As = 0, the results have to be independent of the et al.
• (48)). The lower one, to which the wave functions t/' 2 and T/' 3 belong, has the energy c and the higher one, with the functions ij.^ and t/> 4 , the energy c + 2 [l] . These are the energies of the Ef u (c) and of the Ef u states (c + 2 [1] ) of the parent ring [6] , From Table 3 one recognizes that the dipole strength for the transition into the (t/»,, t/> 4 ) state is 4 m 2 , whereas the dipole strength to the lower (ip 2 , i/'?) state is 0. The B values for both states are 0.
These findings are identical with those of Michl et al. for the parent ring [6] . We will now try to interpret the MCD spectrum of l,3-dwerf-butyl-2,4-diethyl-l,3,2,4-diazadiboretidine ( [11] , Fig. 2 ) which was recently measured by us (Figure 3 ). The MCD spectrum was taken on a JASCO J41 spectropolarimeter equipped with an electromagnet JASCO MCD-IB (1.5 T); solvent: isooctane; c = 4.14 10" 
üqo and a X] should be proportional to the electronegativity difference between nitrogen and carbon, and boron and carbon, respectively, and therefore a 00~-a u should be a large negative quantity (Figure 2 ). According to Linderberg [12] the resonance integrals a 02 = ßo2 and a 13 = /3^3 between next nearest neighbors are proportional to (Xo dx X2 and xi dx X3 • In atomic units the resonance integral fy between Löwdin orbitals x, and X/ is
Xj and Xj are the x-coordinates of atoms i and j. In contrast to benzene, for which the resonance integral between next nearest neighbors is positive [ 13] , we found for cyclobutadiene a negative resonance integral between 0 and 2 and 1 and 3. Using Slaterorbitals (£ = 1.625) for carbon and a bond distance of 1.4 Ä we obtained -0.09 eV for cyclobutadiene, whereas for benzene we found a value of 0.05 eV. The main reason for this is that the distance between atoms 0 and 2 in cyclobutadiene is much smaller than the corresponding value in benzene. It follows that A HSL should be positive and small, whereas the positive As will be rather large. Therefore the ground state \p G for our molecule will be \p R . The phase A v angle O should be JT because -e' a < 0. It would be interesting to study also the MCD spectra of four-membered rings of the kind shown in Figure 4 . Here the electronegativity difference between two neighboring carbons can be much smaller, so that perhaps the ground state t/' G will be ijj'l*. The dipole strength and B values for the low lying transitions of these rings can be evaluated with the expressions given in Table 3 .
Because for our molecule A HSL > 0 and a= Jt, the lowest excited state of the 4x4 block will be described by the wave function ip 4 , and the next higher one by ( Table 2 ). The other two states will be very much higher in energy because As is large.
The mixing angles a (47) and ß (48) will be small and are nearly equal (a~ß~ 0). ip 4 is therefore nearly identical (see Table 2 ) with the configuration tp l s _, and ips*h + contributes nearly nothing. The same is the case for the next higher wave function i/', is nearly identical with and the contribution of ip'l-x-is negligible. This is in accordance with the fact that Michl and coworkers [7] [8] [9] neglected in the general case, where one has two LUMOs (/_ and / + ) and two HOMOs (h_ and h + ), the configurations ipip '1-x-, ty'l-l-, and ipl + X- 4 is negligible (Table 4) . These theoretical findings are in accordance with the observed spectrum of the diazadiboretidine derivative (Figure 3) . The first small positive B value (at A = 235 nm) should belong to the first forbidden transition t/' R -» ty**.
From this it follows (
The large positive B value at about 205 nm is in agreement with the predicted large positive B value of the transition t/' R T/-4 . The predicted negative B value for the t/' R -» i/>, transition occurs apparently at a too small wavelength and could not be observed by us.
It is well known that cyclopentane is puckered and performs pseudorotation taking twisted (C2) and envelope (Cs) conformations with a quite low barrier for interconvertions [1, 2] , Recent ab initio calculations at the HF-SCF level with the 6-31G (d, p) basis set showed that the C2 form is more stable by 1.1 cal mol -1 [3] , Pyrrolidinium ion, C 4 H 8 NH 2 , isoelectronic with cyclopentane, is expected to perform a similar motion, but the puckered geometries and the energy difference between the conformations may be different from those of cyclopentane owing to the heterocyclicity [4] , Recently, we studied (C 4 H 8 NH 2 ) 2 MC1 6 (M = Sn, Te, and Pt) by single crystal X-ray diffraction and 35 C1 NQR and showed the cations take a conformation close to the C2 form in the crystals [5] . Since the pyrrolidinium ions are loosely packed in these crystals owing to the bulky complex anions, the stable conformation of the isolated cation is thought to have the C2 form. Our preliminary calculation of semi-empirical MO using the PM3 method also showed that the C2 conformation is more stable than the Cs one [5] . In the present note we have used the ab initio Hartree-Fock (HF) method and the density functional theory (DFT) to calculate the expected conformations and the energies.
All calculations were performed with the Gaussian 98 [6] package. The HF and Becke's three parameter hybrid DFT-HF method [7] with Lee-Yang-Parr correlation functional [8] 0932-0784 / 00 / 0600-0665 $ 06.00 © Verlag der Zeitschrift für Naturforschung. Tübingen • www.znaturforsch.com set were used for the geometry optimization and vibrational frequency calculations. The full optimizations without symmetry restrictions were carried out starting from the C2 and Cs conformations of the C 4 H 8 NH2 ion obtained by the PM3 method [9] . Two stationary points were found corresponding to the C2 and Cs conformations ( Figure 1 ). The optimized data are shown in Table  1 together with the initial geometries calculated by PM3. The bond lengths except C-N bonds, the bond angles and the torsion angles of both conformations produced by the HF and B3LYP calculations result to be very similar. For the C-N bonds, the B3LYP method gives longer bonds than the HF method. The PM3 calculations show flatter conformations, as pointed out by Dobado et al. [4] . The vibrational analysis shows that the C2 conformation corresponds to a potential energy minimum. On the other hand, the Cs conformation is found to be a saddle point of first order from the presence of an imaginary frequency. This result is somewhat surprising because the Cs conformations of other saturated five-membered ring compounds, such as cyclopentane. tetrahydrofuran, and tetrahydrothiophene, are reported to be stable [4] , The difference in the electronic energy between the C2 and Cs conformations calculated by HF/6-31G (d, p) is 2.0 kJ mol -1 , while that evaluated by B3LYP/6-31G(d, p) is 2.4 kJ moC 1 . Although these values are much larger than the energy difference obtained for cyclopentane [2, 4] , they are still small compared to the energies of intermolecular interactions in solids. This is the reason why the pyrrolidinium ion can take various conformations in the crystals [10] .
We The dielectric loss spectrum of the title substance has been measured in its pure liquid state between 10 MHz and 72 GHz at 20°C. In comparison to the Debye function, it is slightly broadened towards the high frequency side. The maximum corresponds to a relaxation time of 51 ps. In view of the molecular size and viscosity, this is relatively long and thus indicative of associative intermolecular effects as in the case of the homologous compound dimethylsulfoxide.
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Among organic electron donor compounds not only dimethylsulfoxide (DMSO) but also its nearest homologues exhibit a number of unique phy sicochemical properties, mostly due to their self-associative structure [1] [2] [3] [4] . Dynamic dielectric studies of liquid DMSO [5, 6] as well as its hexadeutero derivative [7] have shown that the relaxation time is relatively long in comparison to other aprotic liquids, indicating some kind of transient associative effect slowing down the reorientational molecular motion. Moreover, it was shown that DMSO does not strictly obey Debye behaviour [5] . Corresponding dielectric data for homologous compounds did not come to our knowledge. Therefore we report here the dielectric relaxation data for diethylsulfoxide (DESO) in its pure liquid state.
The total dielectric loss spectrum E'^((D) was measured at 20 °C over the frequency range from 10 MHz to 72 GHz. After correction for the conductivity contribution EC(CO) = K/(£ 0 (O) (K: dc conductivity; £ 0 : electric field constant), the relaxational contribution E"(CO) = £' t ' ot (a>)-£' c '(oj) appears approximately as a Debye type spectrum but slightly broadened towards the high frequency side (as in the case of DMSO). It can satisfactorily be fitted by either a main plus a minor (higher frequency) Debye type component or, alternatively, by one Table 1 . For comparison, the table presents also the corresponding data for DMSO [7] , disregarding here the slight broadening (which could be accounted for by a CD spectrum with ß=0.88 s [6] ). The e"(co) maximum of the DESO spectrum corresponds to rß = 51 ps. The same value is found for the main term is two Debye type components are used for fitting. The relaxation time may be compared with values found with quasi-rigid, non-associating polar molecules using an empirical correlation between T, the effective molecular radius r ett and the viscosity r/ [8] . The effective radius for DESO estimated from rß according to this correlation is r eff = 0.44 nm, that is much larger than the DESO molecular radius of about 0.35 nm. The corresponding values for DMSO differ in a similar manner, they are 0.37 and 0.25 nm, respectively [9] . In other words, the relaxation times of both dialkylsulfoxides are longer than to be expected, thus transient associative effects are likely to be operative in DESO, too. This is in accord with spectroscopic [2, 3] and X-ray structural [4] investigations which have shown that DESO tends to form an even more associative structure than DMSO. Probably not only dipole-dipole interactions between the SO groups but also intermolecular hydrogen bonding of the type SO • • • HC are responsible for self-association of DESO molecules. This conclusion is supported by the higher conductivity of DESO as compared to DMSO [1] although their viscosities do practically not differ (77 = 2.2 mPa s).
Dielectric relaxation studies of aqueous and non-aqueous solutions of DESO will be carried out in the future.
